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Amendm ents to the Cliimv 

This listing of claims will replace all prior versions, and listings, of claims in the application: 
Listing ftfriaimy - 

Claim 1 (currently amended): A method of forming a damascene interconnect structure in 
a semiconductor integrated circuit, the method comprising: 

forming a trench in a first dielectric layer on a substrate; 

forming a dielectric diffusion barrier film in the trench for preventing the diffusion of a 
copper interconnect metal layer into the first dielectric layer; 

etching the dielectric diffusion barrier film anisotropically to remove the dielectric barrier 
film from the bottom surface of the trench to expose patterned metal; 

depositing a barrier metal film in the trench to cover at least a portion of the bottom 
surface exposed by etching, wherein the thickn ess of the barrier metal filw formed on the 
sides of the trench is approximately 20 per cent or less o f the thickness of the barrier metal 
film formed at the bottom of the trench - and 

filling the trench with a copper interconnect metal layer. 



Claim 2 (original): The method of forming a damascene interconnect structure in a 
semiconductor integrated circuit as recited in claim 1 , further comprising forming a via aligned 
with the trench before forming a dielectric diffusion barrier film in the trench and wherein 
forming the dielectric diffusion barrier film in the trench is formed substantially simultaneously 
with the formation of the dielectric diffusion barrier film in the via. 
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Claim 3 (original): The method of forming a damascene mterconnect structure in a 
semiconductor integrated circuit as recited in claim 1 , wherein the dielectric copper diffusion 
barrier layer is formed by one of CVD, PECVD, MOCVD, and ALD methods. 

Claim 4 (original): The method of forming a damascene interconnect structure in a 
semiconductor integrated circuit as recited in claim 1, wherein the barrier metal film further 
covers the sides of the trench. 

Claim 5 (cancelled). 

Claim 6 (original): The method of forming a damascene interconnect structure in a 
semiconductor integrated circuit as recited in claim 1, wherein the wherein the thickness of the 
barrier metal film formed on the sides of the trench is approximately 10 per cent or less of the 
thickness of the barrier metal film formed at the bottom of the trench. 

Claim 7 (original): The method of forming a damascene interconnect structure in a 
semiconductor integrated circuit as recited in claim 1, wherein the thickness of the barrier metal 
film formed on the bottom of the trench lies in the range of 10 to 100 Angstroms. 

Claim 8 (original) : The method of forming a damascene interconnect structure in a 
semiconductor integrated circuit as recited in claim 1, wherein the thickness of the dielectric 
diffusion barrier film deposited lies in the range of 15 to 500 Angstroms. 
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Claim 9 (original): The method of forming a damascene interconnect structure in a 
sen^conductorintegratedcixcuitasrecitedindaiin 1, wherein the thickness of the dielectric 
diffusion barrier film lies in the range of 50 to 100 Angstroms. 

Claim 10 (original): The method of forming a damascene interconnect structure in a 
semiconductor integrated circuit as recited in claim 1 , further comprising depositing a copper 
seed layer on the barrier metal layer prior to filling the trench with copper. 



:ma 



Claim 11 (original): The method of foiming a damascene interconnect structure i 
semiconductor integrated circuit as recited in claim 1 0, wherein depositing a copper adhesion 
promoter occurs before depositing the copper seed layer. 



: ma 



Claim 12 (original): The method of forming a damascene interconnect structure : 
semiconductor integrated circuit as recited in claim 1, wherein the trench is continuously lined 
with at least one of the dielectric diffusion barrier film or metallic diffusion barrier layer. 



ma 



Claim 13 (original): The method of forming a damascene interconnect structure j 
semiconductor integrated circuit as recited in claim 1, wherein the dielectric diffusion barrier 
film includes at least one of SiC, SiN, Boron Nitride, amorphous carbon, A1N and SiOC. 



iina 



Claim 14 (original): The method offorrning a damascene interconnect structure : 
semiconductor integrated circuit as recited in claim 1, wherein the dielectric diffusion barrier 
film is formed by surface treating the dielectric layer using high density plasma bombardment to 
direct Ar or Ha particles to the dielectric layer. 
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Claim 15 (original); Tie method of fonning a damascene interconnect structure in a 
semiconductor integrated circuit as recited in claim 1, wherein the anisotropic etching of the 
diffusion barrier film is performed by a plasma etch. 

Claim 16 (original): The method of forming a damascene interconnect structure in a 
semiconductor integrated circuit as recited in claim 1 , wherein the barrier metal deposition is 
controlled by a directional deposition of the barrier metal. 



i in a 



Claim 17 (original): The method of forming a damascene interconnect structure i 
semiconductor integrated circuit as recited in claim 1 6, wherein the directional deposition is 
performed using one of ionized metal plasma (IMP), high power self-ionized plasma (SIP), 
physical vapor deposition (PVD), and ionized physical vapor deposition (IPVD) methods. 

Claim 18 (withdrawn): A low resistance damascene interconnect structure comprising: 

a trench formed in a dielectric layer on a substrate; 

a dielectric diffusion barrier film formed on the sidewalk of the trench; 

a metallic barrier film formed on the bottom of the trench, wherein at least one of the 
dielectric diffusion barrier film and a metallic barrier film are formed continuously over the 
inside surface of the trench and configured to prevent the diffusion of copper into either the first 
dielectric layer or a dielectric layer positioned below the trench; and 

a planarized copper conductor filling the trench. 



m 



Claim 19 (withdrawn): The low resistance damascene interconnect structure as recited 
claim 18 wherein the dielectric Affusion barrier film includes at least one of SiC, SiN, Boron 
Nitride, amorphous carbon, AIN and SiOC. 
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Claim 20 (withdrawn): A low resistance damascene interconnect structure as recited 
claim 1$ wherein the trench is part of a dual damascene structure. 



in 



Claimll (withdrawn): A low resistance damascene interconnect strucrure as recited ir 
claim 18 wherein the dielectric diflusion barrier film has a thickness of 15 to 500 Angstroms. 



ma 



Claim 22 (new): The method of forming a damascene interconnect structure : 
semiconductor integrated circuit as recited in claim 16, wherein the directional deposition is 
performed using one of ionized metal plasma (IMP), high power self-ionized plasma (SEP), and 
ionized physical vapor deposition (D?VD) methods. 



Atty. Dkt No. 03-006/LSI1P219 



Page 6 of 9 



App. No. 10/641,768 



PAGE 8/11 * RCVD AT 6/14/2005 2:26:42 PM [Eastern Daylight Time] 1 SVRlUSPTO-EFXRM/l ' DNIS:8729306 ' CSID:16509618301 * DURATION (mm-ss):02-58 



